ABSTRACT. Since its discovery four decades ago, the Boulder Patch kelp bed community in the Beaufort Sea has been an important site for long-term ecological studies in northern Arctic Alaska. Given the difficulties associated with identifying species of marine algae on the basis of morphology, we sought to DNA barcode a portion of the flora from the area and update a recently published species list. Genetic data were generated for 20 species in the area. Fifty-five percent of the barcoded flora confirmed the morphological species identifications. Five barcoded species revealed what are likely misapplied names to the Boulder Patch flora; the updated names include Ahnfeltia borealis, Phycodrys fimbriata, Pylaiella washingtoniensis, Rhodomela lycopodioides f. flagellaris, and Ulva prolifera. The remaining four species require taxonomic work and possibly represent new records for the Boulder Patch. Our observations indicate that we need considerably more research to understand marine macroalgal biodiversity in the Arctic. Supplementing Arctic species lists using genetic data will be essential in establishing an accurate and reliable baseline for monitoring changes in ecosystem biodiversity driven by long-term changes in regional climate.
INTRODUCTION
The Boulder Patch kelp bed community of the Beaufort Sea lies in Stefansson Sound off the northern coast of Alaska. The boulders and cobbles are part of a Quaternary deposit that is unique to the Beaufort Sea inner shelf, which is otherwise composed of silty clays and mud in relatively shallow water (4 -7 m) that is estuarine in character (Dunton et al., 1982) . The surprising faunal and floral diversity of the Boulder Patch, in concert with its relative isolation, has attracted scientific interest since its discovery by geologists in the mid 1970s (Reimnitz and Ross, 1979) . Subsequent ecological studies have focused on gaining an understanding of the community and the abiotic factors that influence productivity, kelp growth, community assemblages, and trophic structure (Dunton et al., 1982; Martin and Gallaway, 1994; Aumack et al., 2007) .
Long-term and nearly continuous studies in the Boulder Patch have provided a valuable baseline dataset for documenting biological responses to regional climatic change. Assessments of benthic diversity based on years of intensive sampling have also provided species inventories T.T. BRINGLOE et al for infaunal and epilithic fauna (Dunton and Schonberg, 2000) and for benthic algae (Wilce and Dunton, 2014) . These databases hold great promise for monitoring future changes in the Western Arctic since species from southern marine communities are expected to invade northward areas as perennial ice cover diminishes and isotherms retreat (Müller et al., 2009; Jueterbock et al., 2016) . Accurate species inventories from multiple Arctic locations are critical to monitoring these changes as they relate to local flora and fauna. However, correct species identifications are critical to the accuracy and reliability of such baseline data. Marine algae can be extremely difficult to identify from morphology alone because of phenotypic plasticity, convergent evolution, and cryptic species diversity (Saunders, 2005) . It is therefore important to corroborate morphological species identifications of marine algae with genetic data. Given the ecological importance of the Boulder Patch and its value for assessing shifts in benthic species composition and distribution, we sought to DNA barcode some of the flora reported by Wilce and Dunton (2014; DNA barcoding: Hebert et al., 2003; Saunders, 2005) . This note represents updates to the Boulder Patch flora in light of DNA barcoding efforts. We feel these updates are important considering the ongoing ecological work at the Boulder Patch, the overall difficulty of obtaining specimens from Arctic locations, and the limited number of genetically verified species records for Arctic algae.
METHODS
We used scuba equipment to collect marine algae from several sites in the Boulder Patch area (Fig. 1) during two summer seasons (20 -21 August 2014 and 20 -25 July 2015) . A portion of each specimen (approx. 1 cm 2 ) was preserved in silica gel (not as pressed material) and brought back to the University of New Brunswick for DNA extraction (Saunders and McDevit, 2012) and amplification of the 5 end of the cytochrome c oxidase subunit I gene (COI-5P) in red algae (Saunders and Moore, 2013) and brown algae (Saunders and McDevit, 2012) , and tufA in green algae (Saunders and Kucera, 2010) . These specimens are currently stored at the University of New Brunswick. Partial ribulose-1, 5-biphosphate carboxylase large subunit (rbcL-3P) or full-length reads of rbcL were amplified and sequenced for some specimens of brown algae for which COI-5P either did not amplify or was contaminated, and in specimens for which additional markers were needed to resolve taxonomy (Saunders and McDevit, 2012) . Successful PCR products (see online Appendix 1: Table S1 for a list of specimens collected and Genbank accession numbers) were sent to Genome Quebec for forward and reverse sequencing. All genetic data were edited in Geneious version 8.0 (http://www.geneious.com; Kearse et al., 2012) .
RESULTS AND DISCUSSION
We generated genetic data for two species of Chlorophyta, nine species of Ochrophyta, and nine species of Rhodophyta (Table 1) . For 11 (55%) of the species barcoded, genetic data were consistent with their name assignment based on morphology, though two of these remain only tentatively confirmed. The remaining 45% represented five species requiring name updates, two species of uncertain genetic assignment, and two species representing new records for the Boulder Patch (Table 1) . We elaborate briefly on the updated species names below; however, we emphasize that these records may represent names misapplied by Wilce and Dunton (2014) Saunders and McDevit, 2013; Küpper et al., 2016) . Pylaiella littoralis is also reported from the Arctic, but occurs as three genetic groups, one in the Pacific and two in the Atlantic (one of the Atlantic groups is confirmed in the Arctic; Saunders and McDevit, 2013; Küpper et al., 2016) . Substantial taxonomic work remains for species of Pylaiella.
In the red algae, Ahnfeltia borealis (previously identified as Ahnfeltia plicata [Hudson] Fries) is a recently described species occurring in Hudson Bay Arctic waters (Milstein and Saunders, 2012) , and although A. plicata is reported from the Arctic, it is a rare member of sub-Arctic flora (only two genetically verified collections from Churchill, Manitoba; Saunders and McDevit, 2013 ) as compared to A. borealis. Phycodrys rubens (Linnaeus) Batters (updated to Phycodrys fimbriata) had been previously reported from the Arctic, but subsequent studies revealed that these specimens were assignable to P. fimbriata (Lindeberg and Lindstrom, 2010; Saunders and McDevit, 2013 (Toimil and England, 1980; Coastal Frontiers and LGL, 1998) . Light green represents zones where boulders cover 10% to 25% of the area, while dark green indicates zones with more than 25% boulder cover. records, with all records of Phycodrys from the Canadian Arctic assignable to P. fimbriata; Saunders and McDevit, 2013) . In short, Phycodrys rubens is relatively rare compared to P. fimbriata on Northwest Atlantic coasts, but it is common in the Northeast Atlantic, where P. fimbriata does not appear to occur. Rhodomela lycopodioides f. f lagellaris (previously identified as Rhodomela lycopodioides [Linnaeus] C.Agardh) was previously reported only from the Arctic (Hudson Bay) along with several other genetic groups, including one that reportedly matches the features of Rhodomela lycopodioides sensu stricto (Saunders and McDevit, 2013) . We did not, however, verify Rhodomela lycopodioides sensu stricto in our Boulder Patch collections. We did recover a second species of Rhodomela, Rhodomela cf. virgata Kjellman, that also occurs in Churchill (Saunders and McDevit, 2013) and has since been collected in the Northwest Atlantic (G.W. Saunders and T.B. Bringloe, unpubl. data) . Considerable taxonomic work is needed in Rhodomela.
Substantial DNA barcoding work remains to be done in the Boulder Patch. If the same proportion of mismatches between morphological and DNA species identifications found in our sampling holds true for all other species on the list from Wilce and Dunton (2014), then nearly half of the remaining identifications may also be uncertain. A concerted effort to continue DNA barcoding in both freshly collected benthic algae and archived algal specimens from the Boulder Patch is a high priority. The long history of ecological study in the area (Dunton et al., 1982; Wilce and Dunton, 2014) has provided baseline information that will permit us to monitor impending ecological and species shifts due to climate change that may subsequently affect biodiversity. However, such monitoring requires accurate species lists, which highlights the urgent need to corroborate morphological identifications of marine algae with genetic data before such changes occur. Table S1 as Chaetopteris sp. _2plumosa). Laminaria solidungula J.Agardh DS-11, E-3, W-3 Confirmed (n = 7). Lithoderma fatiscens Areschoug E-3 Confirmed (tentative; recorded in Table S1 as Lithoderma sp. _2GWS): taxonomy of group needs study (n = 1). Pylaiella littoralis (Linnaeus) Kjellman Endicott Is. Updated: Pylaiella washingtoniensis C.C.Jao (n = 2). Saccharina latissima (Linnaeus) C.E.Lane, DS-11, E-3 Confirmed (n = 7 (Guiry and Guiry, 2017) . Rhodomela lycopodioides (Linnaeus) C.Agardh DS-11, E-3, W-3 Updated or new: Rhodomela lycopodioides f. flagellaris Kjellman (n = 29). E-2 Updated or new: Rhodomela cf. virgata Kjellman (n = 1).
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